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FIELD OF THE INVENTION 

The present invention relates to novet methods of treating and preventing disease caused by 
absence or deficiency of the activity of enzymes belonging to the heme biosynthetic pathway. 
More specifically, the invention pertains to methods of alleviating the symptoms of certain 
porphyrias, notably acute intermittent porphyria. 

BACKGROUND OF THE INVENTION 

Heme biosynthe tic pathway 

Heme is a vital molecule for life in all living higher animal species. Heme is involved in such 
important processes as oxygen transportation (haemoglobin), drug detoxification (cytochrome 
P450), and electron transfer for the generation of chemical energy (ATP) during oxidative 
phosphorylation in mitochondria. 

Heme is synthesised in eight consecutive enzymatic steps starting with glycin and succinyl-CoA. 
Sassa S. 1996, Blood Review, 10, 53-58 shows a schematic drawing of the heme biosynthetic 
pathway indicating that that the first enzymatic step (ALA-synthetase) and the last three steps 
(coproporphyrinogen oxidase, protoporphyrinogen oxidase and ferrochelatase) are located in the 
mitochondrion whereas, the remaining are cytosolic enzymes. 

Important regulation of the heme biosynthetic pathway is delivered by the end product of the 
metabolic pathway, namely heme, which exerts a negative inhibition on the first rate-limiting 
enzymatic step (conducted by ALA-synthetase) in the heme biosynthetic pathway. (Strand et al. 
Proc. Natl. Acad. Sci. 1970, 67, 1315-1320). 

Deficiencies in the heme biosynthetic enzymes have been reported leading to a group of diseases 
collectively called porphyrias. 

A defect in the third enzymatic step leads to acute intermittent porphyria, AfP. 
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ft cute Intermittent Porphyria 

Acute intermittent porphyria (AIP) is an autosomal dominant disorder in man caused by a defect 
(50% reduction of activity) of the third enzyme in the heme biosynthetic pathway, 
porphobilinogen deaminase, (also known as porphobilinogen ammonia-lyasetpolymerizing)), E.G. 
4. 3. 1.8. (Waldenstrom J. Acta. Med. Scand. 1937 Supp!.82.). In the following, this enzyme will 
be termed "PBGD". 

Clinical ma nifestation of AIP 

The reduction in enzymatic PBGD activity makes this enzyme the rate limiting step in the heme 
biosynthetic pathway, with a concomitant increase in urinary and serum levels of delta- 
aminolevulinic acid (ALA) and porphobilonogen (PBG). 

The clinical manifestation of AIP involves abdominal pain and a variety of neuropsychiatry and 
circulatory dysfunctions. As a result of the enzymatic block, heme precursors such as 
porphobilinogen (PBG) and delta-aminolevulinic acid (ALA) are excreted in excess amounts In the 
urine and stool. In acute attacks, high levels of PBG and ALA are also found In serum. These 
precursors are normally undetectable in serum in healthy individuals. 

The neuropsychiatric disturbances observed in these patients are thought to be due to 
interference of the precursors with the nervous system or due to the lack of heme. For Instance, 
ALA bears a close resemblance to the inhibitory neurotransmitter 4-aminobutyric acid (GABA) 
and has been suggested to be a neurotoxin. (Jeans J. et al. American J. of Medical Genetics 
1996,65. 269-273). 

Abdominal pain is the most frequent symptom in AIP patients and occurs in more than 90% 
during acute attacks, which will be followed rapidly by the development of peripheral neuropathy 
with weakness in proximal muscles, loss of pinprick sensation, and paraesthesia. Tachycardia, 
obstipation or diarrhoea may also be present. 

During acute attacks behavioural changes, confusion, seizures, respiratory paralysis, coma and 
hallucinations may be present. 

2 
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Hypertension is also associated with AJP, with as high as 40% of patients showing sustained 
hypertension between attacks. An association between chronic renal failure (Yeung L. et al. 
1983, Q J. Med 52, 92-98) and AIP as well as hepatocellular carcinoma. (Lithner F. et al. 1984, 
Acta. Med. Scand. 21 5,271-274.), has been reported. 

The AIP is a lifelong disease which usually becomes manifest in puberty. 
Factors precipitating acute attacks. 

Most precipitating factors exhibit an association with the first rate-limiting enzyme in the heme 
biosynthetic pathway through heme, the final product of the pathway. A lowering of the heme 
concentration will immediately increase the rate of ALA-synthetase. An overproduction of ALA 
then makes the partially deficient PBQD enzyme {50% activity) now rate-limiting with an 
accumulation of the heme precursors ALA and PBG. Drugs that induces cytochrome P450 such 
as barbiturates, estrogens, sulphonamides, progesterone, carbamyazepine, and phenytoin can all 
precipitate acute attacks. (Wetterberg L. 1 976, In Doss M. Nowrocki P. eds. Porphyrias in 
Human Disease. Reports of the discussion. Matgurg an der Lahn, 191-202). 

The clinical manifestation fs more common in women, especially at time of menstruation. 
Endocrine factors such as synthetic estrogens and progesterone are known precipitating factors. 
A significant factor is also the lack of sufficient caloric intake. Hence, caloric supplementation 
during acute attacks reduces clinical symptoms. (Welland F.H. et al. 1964, Metabolism, 1 3, 
232). 

Finally, various forms of stress including illness, infections, surgery and alcoholic excess have 
been shown to lead to precipitation of acute attacks. There are also cases of acute attacks 
where no precipitating factor can be identified. 

Prevalence of AIP 

Prevalence of 0.21 % has been reported (Tishler P.V: et al. 1985, Am. J. Psychiatry 142,1430- 
1436), with as high a prevalence as 1 per 1500 in geographic isolates in northern Sweden 

3 
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(Wetterberg L. 1967, Svenska bokforiaget Nordstedt, Stockholm). Prevalence up to 200 per 
10.000 inhabitants have been reported from northern Finland. (Andersson, Christer, Thesis, 
1997, ISBN 91/7191/280/0). 

Existing tre atment of AIP 

The treatment of AIP as well as of other types of porphyrias such as variegata, hereditary 
coproporphyria, harderoporphyria/ and aminolevulinic acid dehydratase deficiency, are basically 
the same. Existing therapies for AIP, are all aimed at reducing circulating PBG and ALA by 
inhibiting the first rate-limiting enzymatic step ALA-synthetase . This inhibition of ALA-synthetase 
is achieved by increasing circulating heme, since heme Is a negative feed back regulator of ALA- 
synthetase. Hematin treatment, high caloric intake or inhibition of heme breakdown by Sn- 
mesoporphyrin administration are the existing therapies today. These therapies have shown 
limited efficacy. 

Treatment between acute attacks involves sufficient caloric intake and avoidance of drugs and 
immediate treatment of infections. 

Patients that experience acute attacks are treated with intravenous carbohydrates usually 
dextrose (300 g/day) and intravenous hematin (3-8 mg/(kg day)). 

Treatments with long acting agonistic analogues of LHRH, have been shown to reduce the 
incidence of pre-menstrual attacks by inhibiting ovulation in AIP patients. Finally, treatments 
involving heme analogues Sn-mesoporphyrin, which inhibit heme breakdown have also been 
attempted. 

Medical need in AIP 

The lack of effective treatment for AIP is well recognised. In a US mortality study in AIP patients 
requiring hospitalisation it was concluded that the mortality rate was 3.2-fold higher as 
compared to a matched general population. 

Suicide was also a major cause of death, occurring at a rate of 370 times that expected in the 
general population (Jeans J. et al.1996. Am. J. of Medical Genetics 65, 269-273). 

4 
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Hematin therapy Is usually initiated when high caloric intake is not sufficient to alleviate acute 
attacks. Studies with hematin have been performed but these studies generally used the patients 
as their own control after the patients did not respond to high carbohydrate treatment. 
(Mustajoki et el. 1989, Sem. Hematol. 26, 1-9). 

The one controlled study with hematin treatment reported, faiied to reach statistical significance 
due to too small a patient number (Herrick A.L. et al 1989, Lancet 1, 1295-1297). 

In conclusion, there is a definite need for the provision of novel therapeutic/prophylactic 
methods aimed at these diseases. 

DISCLOSURE OF THE INVENTION 

Levels of ALA and PBG found In urine in patients with symptomatic AIP. are in the range of 1- 
203 mg/day and 4-782 mg/day, respectively. Normal excretion of ALA and PBG is very low (0-4 
mg/day). Important is the observation that these patients also have elevated levels of ALA and 
PBG in serum. It was shown in a study that AIP patients had significant^ elevated .evels of ALA 
(96 M g %> and PBG (334 ra %, in serum in connection with acute attacks and that the severity 
cf the attacks were corrected to high levels cf ALA and PBG. Hence, it is important to reduce 
the circuiting levels of ALA and PBG in order to eliminate cllnlca. symptoms and to normalize 
the heme pool. 

The present inventors present a new therapeutic rational in the treatment of AIP, a rationale 
us.no PBGD, preferably recombinant PBGD (rPBGD) in order to reduce circulating high levels of 
PBG ,n serum by metabc.ising (by enzymatic conversion) PBG to hydroxymethy.bilane (HMB) 
wh, cn „ the normal product of the feaction ms substjtutjon therapy wm tQ g norfnaliMt . on 

of PBG ,n serum as well as to a normalization of the heme pool. It will also lead to a 
normalization of ALA in serum, since these heme precursors are in equilibrium with each other 
A lowering of serum ALA and PBG is expected to result in a concomitant re.ief of symptoms 
The product of the reaction (HMB, wi.l diffuse back into the ce.ls and enter the nbrma. heme 
biosynthetic pathway and will become subsequently metabolized to heme 
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Hence, PBGD administered by injections will carry out its normal catalytic function by converting 
PBG to HMB in serum (extracellularly, not inside the cells), where it normally functions. The new 
therapeutic idea is based on the assumption that ALA, PBG and HMB permeate cellular 
membranes or are transported specifically across them. An alternative to this is to administer a 
form of PBGD which will be able to act intracellular^, either as a consequence of formulation or 
as consequence of modification of PBGD so as to facilitate its entry into celJs from the 
extracellular compartment. 

The observation that AIP patients have large amounts of these heme precursors in the serum 
supports the idea that PBG does not accumulate intracellular^, but is released from the cells into 
serum when the intracellular concentration increases due to the PBGD enzymatic block. 

The basic new therapeutic concept for AIP is valid for all porphyrias and therefore the invention 
is in general aimed at treating these diseases by substituting the reduced or missing enzymatic 
activity characterizing the porphyrias. 

Hence, in its broadest aspect, the invention pertains to a method for treatment or prophylaxis of 
disease caused by deficiency, in a subject, of an enzyme belonging to the heme biosynthetic 
pathway, the method comprising administering, to the subject, an effective amount of a catalyst 
which is said enzyme or an enzymatically equivalent part or analogue thereof. 

Hence, by the term "catalyst" is herein meant either the relevant enzyme which is substituted as 
it is, or an enzymatically equivalent part or analogue thereof. One example of an enzymatically 
equivalent part of the enzyme could be a domain or subsequence of the enzyme which includes 
the necessary catalytic site to enable the domain or subsequence to exert substantially the same 
enzymatic activity as the full-length enzyme. 

An example of an enzymatically equivalent analogue of the enzyme could be a fusion protein 
which includes the catalytic site of the enzyme in a functional form, but it can also be a 
homologous variant of the enzyme derived from another species. Also, completely synthetic 
molecules which mimic the specific enzymatic activfty of the relevant enzyme would also 
constitute "enzymatic equivalent analogues". 
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nZT' T iVe CO " C6Pt ' S b8Sed °" n ° Vel id " « M ^ *. reduced 
en T h 3C r V,tV ^ SUbieCt * imP * -"Mm*, a catalyst which will -assist- the 

t ,s in de,,c,t - The precise nature - bowever - of the - - 

ZyZ ' S mere ' y ,h8t : he " ,a,ySt at, * „ 0 ec^o, the 

^Z^T™ in . Ueatin9 POrPhVriaS ^ «~«- — — py, thus aiming at 

nzr:,: :rr in re,evant ce,is - which wm then wke - *• - -° — - <* 

enzyme of mterest. The present approach is much more simple but has to the best of the 

;;; ed9e of the — — . — becauS e J^r* 

ach.ev.ng an .ntracellular effect on the precursor ,ev el has been regarded as an obsta Z 

ZlTs "ITT 9 bi ° SVnthetiC PathW8V " ref6rS " ^ We "- kn0W " ~ «eps (cf e g 
Sassa S. ,996, Biood Review, 10 , 53- 58 , which leads from glycin and succinyl-CoA to heme 

yZr r n9,n9 to tws synthetic pathwav « - ^zzz 

dehydratase, Uroporphyrinogendecarboxylase, Coproporphyrlnogen oxidase CoJoJIh 

z^: otopor ~ oxidase . uroporphyrinog i n z s : F ^::— rmooen 

The diseases related to reduced actfvitv of Th**« 

Ai a ho*; • . enzymes are acute intermittent porphyria (AIP) 

(C£P>. E fc pmro,*^. 1B , P) , „, HepatoeryttiK^oiBtic p „ Wyn , , HB ,. 
"""""" ' m ~"" 't ™ m ' " -*« «** 

catalyst etc. but the skilled person will be ablo M ■ 

op w,.i be able to determme the correct dosage in a given case 
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by means of standard methods (for instance starting out with experiments in a suitable animal 
model so as to determine the correlation between blood concentration and enzymatic activity). 

The disease which is the preferred target for the inventive method is AIP, and therefore the 
catalyst is PBGD or an enzymatically equivalent part or analogue thereof. Jt is most preferred 
that the catalyst is a recombinant form of the enzyme belonging to the heme biosynthetic 
pathway or of the enzymatically equivalent part or analogue thereof, since recombinant 
production will allow large-scale production which, with the present means available, does not 

seem feasible if the enzyme would have to be purified from a native source. 

j 

Preferred formulations and dosage forms of the catalyst are exemplified for. but not limited to, 
PBGD in the detailed description hereinafter, and fhese formulations also are apparent from the 
claims. It will be appreciated that these formulations and dosage forms are applicable for all 
catalysts used according to the invention. j 



One important embodiment of the methodof the inventions Js one wherein the catalyst, upon 

administration, exerts at least part of its enzymatic activity in the intracellular compartment. This 

j 

can e.g. be achieved when the catalyst is an enzymatically equivalent part or analogue of the 

i 

enzyme, since such variations of the enzyme can be tailored to render them permeate cell 
membranes. Hence, when the catalyst is a small artificial enzyme or an organic catalyst which 
can polymerize porphobilinogen to hydroxymethyibilane, it should be possible for the skilled man 
to introduce relevant side chains which facilitates Sentry into the intracellular compartment. 
Alternatively, the catalyst is the enzyme, but formulated in such a manner That it exerts at least 

part of its enzymatic activity intracellular^ upon administration to the subject. This can be 

i 

achieved by tagging the enzyme with specific carbohydrates or other liver cell specific structures 
for specific liver uptake, i.e. the enzyme (or analogue) is modified so as to facilitate active 



transport into e.g. liver cells. 



Although the above embodiments are interesting, l t is believed that the normal, practical 
embodiment of the invention willjinvolve use of a satalyst which exerts substantially all its 
enzymatic activity extracellularlyjin the bloodstream, since it is believed that the metabolic 
products of the enzymatic conversion of the relevant heme precursor witl permeate freely into 
the intracellular compartment where the remaining conversions of the heme biosynthetic 
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pathway can take p.ace. Alternatively, the metabolic product may be excreted from the subject 
v.a urine and/or faeces at least to some extent. 

roZnrr' abOVS ' " " *" ""'^ 13 Pr ° dUCed recomb ^'v- - bv a method 

a) introducing, into a suitable vector, a nudeic acid fragment which Includes a nucleic acid 
sequence encoding the catalyst; 

b) transforming a compatible host cell with the vector; 

O culturino the transformed host cel. under conditions' facilitati no expression of the nuc.eic acid 
sequence; and 

d) recovering the expression product from the culture 

zt^z::^" 9 the expression product to >™**>*°. - in v*. 
P o ein re oldin9 , en2ymatic removal of fusion pw aikyiatjon of amino ac _ d 

deglycosylation, so as to obtain the catalyst. 

For relatively smal, catalysts ( e. g . those constituted mainly of the active site of the enzyme,, the 
catalyst can alternatively be prepared by Hcuid-phase or solid-phase peptide synthesis. 

in 71 ^uT 6XPlan3ti0n ^ ^ reCOmb, " 8nt Pf ° dUCti0n ° f ^ PBGD is given 

th ot t 8 T hereinBf,Br ' ^ 88 mem ' 0ned herei " SamB -P'V for al, 

o her pep ld e catalysts of the Invention. One of the main advantages of producing the catalyst 

by recomb,nant or synthetic means is. that if produced in a non-human cell, the catalyst is free 

from any other biological materia, of human origin, thus reducing problems with antigenicity etc. 

The dosage regimen wfH normally be comprised of at least one daily dose of the 
catalysupreferably by the Intravenous route,. Normaily 2. 3, 4 or 5 daily dosages wi „ „ e ^ 
sary but if sustained release composftlo mp ,o ed. fewer than 1 daily dosage re 



The da , d sage should be determined on a case by .ase basis by the skilled practitioner, but as 
a gen ra, rule, the daHy dosage wi„ be in the range between O.O, - , .o mg, kg body weight per 
-y of the catalyst. More often the dosage wil, be inkhe range of 0.05 - O.S m g/k g body we t 
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per day, but it should never be forgotten that precise dosage depends on the dosage form and 
on the activity of the catalyst as well as on the degree of deficiency of the relevant enzyme. 

For PBGD, the daily dosage is about 0.08-0.2 mg per kg body weight per day, and most often 
0.1 mg per kg body weight per day will be the dosage of choice. It is believed that comparable 
dosages will be applicable for the other full-length enzymes. 

Finally, as will be appreciated from the above disclosure, the invention is based on the novel idea 
of providing substitution for the enzymes lacking in activity. To the best of the- knowledge of the 
inventors, therapeutic use of catalysts having such effects have never been suggested before, 
and therefore the invention also pertains to a catalyst as defined herein for use as a 
pharmaceutical. Furthermore, use of such catalysts for the preparation of pharmaceutical 
compositions for treatment of the above-discussed diseases is also part of the invention. 

DETAILED DISCLOSURE OF THE INVENTION 

The following description of preferred embodiments of the invention will focus on recombinant 
production of PBGD and formulations and uses thereof. It will be appreciated, however, that all 
disclosures relating to this polypeptide apply also for the other enzymes mentioned above. 
Hence, production and use of PBGD only exemplifies the invention, but all other enzymes of the 
heme biosynthetic pathway can be substitute PBGD in the embodiments described hereinafter. 

Production of recombinant PBGD 

As mentioned above, it is preferred to administer recombinant versions of the various enzymes 
of the heme biosynthetic pathway. In the following will be described recombinant production of 
one of these enzymes, namely PBGD. 

i 
I 

The gene for the erythropoietic PBGD, which is -located in the human genome in the 
chromosomal region 11 q 24, is composed of 15] exqns spanning 10 kb of DNA and is shown in 

Grandschamp B. et al. 1996. J. of Gastroenerology and Hepatology 11, 1046-1052. 

i 

j \ . 
:'P : 

! 

: .l! , ' : 
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The gene coding the erythropoietic PBGD enzyme (344 amino acids) (Raich N. et al 1986 
Nucleic. Acid. Res, 14, 5955-5968), wi.l be cloned from a human erythropoietic tissue by 
reverse transcriptase or amplification by PCR (polymerase chain reaction) of the PBGD coding 

region. 

The gene will be inserted in a plasmid (bacterial: B-G&F-PBGD, yeast: Y-G&F-PBGD or 
mamma.ian: M-G&F-PBGD) and transformed into a suitable host cell (a bacterium such as E coii 
and B. subtills, a fungus such as Saccharomyces. or a mammalian cell line, such as CHO cells, 
The expression of the PBGD gene will be regulated by a promoter which is compatible with the 

selected host cell. 

For production in E. coll the PBGD coding sequence can be inserted into a plasmid vector, e g 
PBR322 or PUC. ! 

For yeast production, the PBGD coding sequence can be inserted into a plasmid vector, for 
example YEP type, containing 2 u origin for high expression in yeast. YEP plasmids contain TRP 
1 and URA 3 as markers for selective maintenance \ri trp1-, ura 3-yeast strains. 

Alternatively, the PBGD gene can be inserted in bovine papilloma virus vectors BPV for high 
expression in a murine cell line C-1 27(Ste P hens P.E. et. al. Biochem J. 248. 1-11, 1987) or 
vectors compatible with expression in CHO cells or COS cells. 

i 

For bacterial production: Insert in front of the PBGD coding region a bacterial signal sequence for 
example an E. coli periplasmic enzyme signal peptide; or a signal peptide from a secreted 
enterotoxin or endotoxin in E. coli, to obtain secretion in E. coli. An ATG sequence at the MH2- 
termina. end of the rPBGD structural gene for initiation of translation or a short leader sequence 
with an ATG at the 5 '-end for cytoplasmic; expressicin. 



I [ 
I 



A secretory signa , in Saccharomyces, for eiamp.d alpha-mating factor presequence, can be 
added in front of the rPBGD structural ganej for efficient secretion in yeast. 

Simi.ar.y, a sequence encoding a mamma.iel, signa. peptide can be added for secretion of rPBGD 
into the culture medium upon expression injfor example CHO cells or COS cells. 

11 
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A bacterial promoter for example thB tryptophane (trp) promoter or the lac promoter or 
alternatively an alkaline phosphatase promoter, should be inserted before the PBGD coding 
region for efficient transcription in prokaryotes for example E. coli . 

A yeast promoter for example 3-phosphoglycerate kinase (PGK) or chelatin or alpha-mating 
factor should be inserted before the PBGD coding region for efficient transcription in yeast for 
example Saccharomyces cerevesiae or Saccharomyces pombe. 

A mammalian promoter for example MetaNothiohin-1 (MT-1) or Aspartame transcarbamylase or 
Dihydrofolate reductase (DHFR) should be inserted before the PBGD coding region for efficient 
transcription in mammalian cell lines for example CHO cells or COS cells. 

The bacterial plasmid (B-G&F-PBGD) containing a bacterial promoter, signal peptide or only an 
ATG sequence in front of the PBGD coding region, and the PBGD coding region and vector 
sequences from for example pBR322, will be transformed into a bacterial host strain for example 
E. coli for production of rPBGD. 

The yeast plasmid (Y-G&F-PBGD) containing a yeast promoter, signal and/or ATG codon 
(methionine) in front of the PBGD coding region and :a yeast vector containing selectable markers 
such URA 3 or TRP 1 will be transformed into the yeast host cell such as Saccharomyces 
cerevesiae or Saccharomyces pombe for production jof rPBGD. 

The mammalian plasmid (M-G&F-PBGD) containing a mammalian promoter for example 
Metallothiontne-1 or Dihydrofolate reductase and a mammalian signal sequence or an ATG codon 
in front of the PBGD coding region and vector pAT or pSV2 respectively. Plasmid (M-G&F PBGD) 

will be transfected into a mammalian cell line for example CHO cells, for production of rPBGD. 

i 

t 

The E. colt cell containing plasmid (B-G&F-PBGD), will be fermented to stationary phase between 
24-48 hours, in a medium containing casein hydrolysate, or yeast extract, glucose, vitamins and 
salts. pH oxygen will be monitored by electrodes during fermentation. Temperature will be kept 
at 37 +/-2C during the fermentation. 

12 | 

> 

i 
i 
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The yeast cell containing the plasmid <Y-G&F-PBGD)[ will be fermented to late log phase 
between 20-40 hours in . medium containing yeast extract, glucose, salts and vitamins. pH and 
temperature will be monitored by specific electrodes during fermentation. Temperature will be 
kept at 30 + /- 2 C during fermentation. i 

The mammalian cell line containing the plasmid (M-C&F-PBGD) will be fermented in a medium 
containing, foetal calf serum (or serum free,, vitamins, glucose, antibiotics, growth factors pH 
and temperature will be monitored continuously during fermentation by specific electrodes. 

The PBGD enzyme will be purified from the cells after fermentation. 

rPBGD will recovered from E. coli after fermentation by an extraction procedure involving for 
example nbipress. sonication, osmotic shock or total solubilization by detergent for example 
Tween 80, Triton X-100 or Brij. rPBGD will be recovered from fermentation medium after 
production in yeast or from a total cellular extract using detergents such as Triton X-100, Tween 
80 or Br,. rPBGD will be recovered from mammalian;' culture medium or from a total cellular 
extract by ion-exchange chromatography or affinity chromatography. 

j 

rPBGD will be purified from E. coli extract or from yLst medium or total cellular extract or from 
mammalian culture medium or total mammalian cellular extract by binding to an ion-exchange 
column for example DEAE-Sepharose or MonoQ-Sepharose and eluted with for example NaCI 
and Sodium phosphate buffer P H 7-8 or the corresponding potassium salts. 
Alternatively. rPBGD will be recovered from extracts by binding to an affinity chromatography 
column for example an anti-PBGD affinity column. rf B GD will be eluted by lowering the pH to 4- 
2, or a thiol specific affinity column. rPBGD has been "tagged' with thiols residues when a thiol 
-affinity-column-step is used-rhio.s-wil. be removed -by, specific enzymatic cleavage step to - 
generate authentic rPBGD. j 

! 

T*e ion-exchange or affinity purified rPBGD wil. be further purified by hydrophobic interaction 
chromatography on for example, TSK Phenyl S PW cUmn or Octyl-Sepharose or Phenyl- 

Sepharose columns. ; 
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i 



Binding of rPBGD will be done at high ionic strengthifor example in 10-50 mM Tris-HCl pH 7-8, 

1M NaCI or 10-15 mM Sodium phosphate pH 7-8, Ci.5 M MgSO A and eluted by lowering the 

i" 

ionic strength for example with 1 0-50 mM Tris-HCI ipH 7-8 or 1 0-50 mM Sodium phosphate pH 

7-8. | 

( 
i 

! 

Three hydrophobic interaction steps will be applied consecutively. 

rPBGD will be further purified with preparative RP-HPLC for example C12 or CIS matrixes. The 
rPBGD will be eluted from the column by a gradient of 10-50 mM Sodium phosphate and 1-10% 

acetonitrile buffer. * 

J 
! 

Formulation of rPBGD will be done by passing the erizyme over a G-100 Sephadex column and 

eliitlng it In an isotonic solution for example 0.9%NaCI and 1 0-50mM Sodium phosphate pH7.0 

+ /- 0.5 or Sodium phosphate, glycin, mannitol or the corresponding potassium salts. 

i 
i 

The formulation solution of rPBGD will be sterile filtered and filled aseptically in glass vials and 
lyophilised. ! 

Alternatively, the sterile filtered rPBGD solution will be formulated in for example, lipid vesicles 
constituting phosphatidylcholine or phosphatidylethanolamine or combinations of these or 
incorporated into erythrocyte ghosts. | 

| 

Reconstitution of lyophilised rPBGD will be done in water for injection. 

Alternatively, rPBGD will be formulated in a sustainejd release formulation involving a 
biodegradable microspheres, for example in polylactic acid., polyglycolic acid or mixtures of 

these. j 

t 

Alternatively, rPBGD will be lyophilized In a two-compartment cartridge, where rPBGD will be in 
the front compartment and water for reconstitution in the rear compartment. This two 
compartment cartridge will be combined with an injection device to administer either rPBGD by a 
needle or needle less (by high pressure) device. 



14 
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Alternative, rPBQD wil. be formulated in a physiological buffer conta|nfn£ , 

administration. 



an enhancer for nasal 



Alternate rPBGD w» be formulated in an iora, Ration contaWng for 

ves.c.es Iphospat^choiine. phosphatidylethanolamU, spKngomyellne, or dextrL 

microspheres. » i 

aTT 7 C r binSnt Pr ° dUCl,0n ° f PBGD **«V ^ *• * AIP, it can 

alternately be produced from human red blood cell! i 



The production and manufacture of recombinant PBGp will be done by the following steps. 
RECOMBINANT PBGD PRODUCTION PROCESS; A JoItLINE 

1 . Master cell bank 

2. Working cell bank J 

3. Production of seed culture 

4. Fermentation in large fermenter (250 L >)■ 

B. Purfficatinn •■; 

1. Cell concentration by fUtration/centrifugatibn 

2. Cell disruption 

3. Ultrafiltration 

4. Chromatography fon exchange. DEAE.Se P .L ; aro 5e .Lonoa-S ep harose 

SeZr 0 ^ int6raCti ° n Chr °™°°'^ f^f-Se^o Se . TSK Pheny,, 5PW , Phenyl 

6. Chromatography ion exchange {MonoQJ | 

7. Formulation by Gel filtration Sephadex G-lbo 



C. Manufacturing 

1 . Sterile filtration 

2. Aseptic filling 
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3. Lyophilization 



TREATMENT OF OTHER PHORPHYRIAS 



8 



8 



In analogy with the new treatment of AlP patients with (recombinant) PBGD, hepatic Porphyrias 



such as ALA dehydratase ALA deficiency Porphyria 



El 018 



tADP), Porphyria- cutanea tarda (PCT), 



Hereditary Coproporphyria (HCP) and Variegata Porphyria (VP) can benefit from substitution 

i'. 1 . 

therapy by rALA dehydratase, rUroporphyrinogen decarboxylase, rCoproporphyrinogen oxidase 
and rProtoporphyrinogen oxidase, respectively. 

Patients having Erythropoetic Porphyrias such as Cc ngenital erythropoietic Porphyria (CEP) or 



Erythropoietic protoporphyria (EPP) will benefit from 
Ill syntetase and rFerrochelatase, respectively. 



substitution therapy with rUroporphyrinogen 



Hepatoerythropoietic Porphyrias e.g.. HepatoerythrojDoietic Porphyrias(HEP) can be treated with 
rUroporphyrinogen decarboxylase. ft 



All porphyrias can be treated by the administration of the enzymatic activity lacking or being 
reduced (normally 50%) in any of the eight steps in |the heme biosynthetic 
pathway as described above. j:J 



The substitution of the enzymatic activity can be ac 



lieved by adding the corresponding 



recombinant enzyme or other molecules that iwill pre vide the missing enzymatic activity. 



SEQUENCING OF PBGD 



Introduction: 



The goal of this segment of the project is to [clone acid sequence the erythropoietic 



expressed form of porphobilinogen deaminase (PBGQHRaich et. al. 1986.) Two forms 

(•!» • 

of PBGD are known. The erythropoietic formes expr pssed specifically in erythroid 



all cells (Grandchamp et. al. 



progenitors and the constitutive form is expressed, ir 
1987.) The two are expressed from the same gene and are identical except for the 



16 
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addition of 1 7 amino acids »t th*. * 

There are three sequences for PBGD in the J „ erythropo.etic form, 
--n-egenomicse^^^^ 

Terences tra nslatlng t0 amlno acid ^ \ ^ ^ » — de 

be expressed for a human jt £ Ch °° S "* a ->-nce to 

i S the wOd type allele To «J r „ 1 ? ' "«*«enr determine wh « 

ype aneie. To accomplish this; PBGD cDNA 

sequenced from a number of sources fc ^ ^°' 0n - «* 
Oligonucleotide primers were d«- , H m0St C ° mmon amino ««oe. 

. xc;r • "" m *- - dna * * 

cDNAs fr« m e • ' 5 -' These wer e used to isolate 

cDNAs from 5 sources of mRNA which werefehen c | 0 o=h - . , 

of these Cones were sequenced and ■ ^ ? " P ' aSm ' d V6Ct ° r - Ei « ht 

«" type a„e,e which .ZT ^ "** ' 

— - - - - - - ^f~:r ence fn the 

t; t 

Strategy: i*' f 



A nested PGR strategy was devised to cloiL PBGD Th r 
.co38 2 . are 2 0rners that oind to sequencE^f^ Z ^ ^ ""^ " 
specific for the . untranslated region of L C^Z^T^y 79 " 
of PBGD. The oinding site is ,„ an exon no ^ ^ d 11 ^ ^ 

coding region. ,co37S has 22 ^T ^ T " 6 " dS ° f *° PBGD 

b* an EcoR. endonuclease cleavage slte il J T f °"° Wed 
- -uence to ensure efficient ZZ £ £ " ' ^ 
3' end of the PBGD coding region with 3 Ll t homo.ogous to the 

Munl/Mfe, andonudease c eav 9 ;; e C , 9ed ,merna " y W ,ntr ° dUCe 9 
TAA stop codon. This v^Z^^t^*™*™ " 
encoding a His-Tag to the DNA with o.ioi i * ' ' ntr ° dUCe 

^cations. lowing the J^±Z^ " " ^ »' 

on is a jecond stop codon to ensure good 



I: 
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[ 

termination of translation and a Hindlll endonuclease cleavage site for cloning the 
PCR product followed by 4 bases to ensure efficient restriction. The EcoRI and Hindlll 
endonuclease cleavage sites introduced onto ;t he ends of the PBGD PCR product 
ligate into the respective unique restriction sifes in the high copy number pBluescriptll 
SK- (Stratagene) vector for sequencing and will then; be used to move the PBGD DNA 
into an E. colt expression vector for production of recombinant human 
porphobilinogen deaminase, rh-PBGD. i'. 



PCR: 



Six cDNAs were used as a PCR source; sjpleen, |bone marrow, lymph node, 
lung, whole brain and adipose tissue eac|; from |a different pool of human 
donors (produced by Donald Rao using BRL Superscript It with 500 ng 
Clontech po!y-A RNA in 20 //I reaction- volumes jper manufacturers instructions 
except adipose which was made from 5 pg of Clontech total RNA from a 



single donor.). One p] of each cDNA (app 



■oximajtely 25ng) was amplified with 



extension of 6' at 74°C 
One fifth of the reaction was 



Advantage cDNA polymerase mix (Clontech) with 0.2mM dNTP (PE/ABI) and 
0.3//M each of lco379 and lco382 in 50 . f/l reaction volumes. Two cycle PCR 
was used, with an initial heat denaturatiap stepjat 94°C for 1 ' 40" then 28 
cycles of 96°C for 16" and 68°C for 2'. A flna 
ensured that extension products were filled out., 

run out on a 1.2% agarose gel with 2 //I of 6X ijicol loading dye in 0.5X TBE 
buffer (Maniatis, 1982.) The predicted ;be&jid of 1.1 kb. was observed by 
ethidium bromide staining with all sources; but lung tissue cDNA. These bands 
were excised and DNA was isolated withjMicrocon-30 with mlcropure inserts 
{Amicon/MHHpore) per manufacturers instructions and buffer exchanged- with 
dH20. One tenth of the recovered DNA vljas arrjplified with Advantage cDNA 
polymerase mix (Clontech) with 0.2mM dfSlTP (RE/ABI) and 0.3//M each of the 

! I 

internal nested oligonucleotides <lco375 end lco|576) at 0.3//M in 50//I 
reactions. Two cycle PCR was used agairijwith an initial heat denaturation 



step at 94°C for V 40" then 2 cycles of 



J t 

&6 C for 1 6" and 68 °C for 2' then 

I 
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13 cycles of 96*0 for 16" and 72°C for 2' wii » r . 

74°C Ton ,* nf .u c „ i 8 f,na ' ex *ension of 6' at 

/4 C. Ten //I of the 50 * reactions were run on 1 a 1 5% 

6X ,oadin g dye. Tne resultjng bands ^ 9 1 ^ ^-se ge . with 2 „ 

remainder of the PGR reac- ^ ? S ' Ze ' 1 05 kb " Th « 

EDTA). The DNA containing e.uates were wash d with dH20 and 
concentrated wfch Microcon-,00 spin-fHters (Ar^icon/Mi.Je, r 

manufacturers instructions. j • 1 P 



Cloning; 



were *n..« a*- 'Minutes at 58 °C and reactions 

were spun ,n M.crocon 1 00 spin-f liters to remote Sma „ D m A M , 
washed with dH20 an H ' ' A end pieces - 

*~* «*. aZ°:i:~ ed R r f,ft t f *■ — - - 

Purified pBiuescripti, SK S r !t ^ "T " «' 

script/I SK- (Stratagene) apd 200 units T4 DNA ifgase (NEB 
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pBluescript specific primer (lco385) to both confirm identity and proper 

• : i 

orientation in the vector. The 25 fj\ reactions were set up on ice to inactivate 
proteases with primer concentrations of. 0.4/yM j| 0. 1 25 U Taq polymerase 
(Fisher), and 0.2mM dNTP(PE/ABI.) Tw|o cycle BCR was used, with an initial 
heat denaturation step at 94°C for 1* 40* a further denaturing step at 96°C 
for 20 seconds, then 30 cycles of 96 °C for 1 6f and 68 °C for 1 ' with a final 



r i pir 
ing dS 



extension of 4' at 74°C. Five p\ of 6X Toading dye was added and 12.5 //I 
each were run out on a 1 .2% agarose gel. Results are as follows: 1 2/1 8 



i ex- 



positive colonies for spleen; 10/18 for Bone marrow; 8/18 for lymph node; 
9/18 for brain and 10/1 8 for adipose tissue. Tv|b positive colonies each for 
the first 3 and 1 each for the latter twojiwere grown up in 25 ml. liquid LB 
culture with 1 50 j/g/ml ampicillin over Right at §7°C with 250 rpm. Plasmld 
DNA was purified from the cultures wi^h Qiageijjs Tip-100 DNA purification 
kit per manufacturer's instructions. U V^absorbarice at 260nm was used to 
determine the plasmid yields which varied fromfbetween 131 and 169 jjg of 
highly purified DNA. [[' 



A 



Sequencing: 



Sequencing reactions of double strandej^ plas'mi i DNA with Big Dye 



terminator cycle sequencing were performed in % 9700 thermocycler (Perkin 
Elmer/Applied Biosystems.) Two vectoc|primersj(Jco383 and lco385) and two 
PBGD specific internal primers (Ico380;^nd lco381) were used for all 8 



plasmids (see sequence). In addition a fifth vector primer (lco285) was used 
for the brain and adipose derived do ne^L -Reaction conditions were per 
manufacturers protocol as follows: 50Q?ng plasmid DNA and 4 pmol 
oligonucleotidejprimer with 8 //I ready rjnix in 20.p\ volumes with 30 cycles of 
96°C for 12" and 60°C for 4'. ExtensAtr) products were purified by 
isopropanol precipitation. To each reaction 20 jjof dH20 and 60 u\ 



Isopropanol were added. These were rrtixed by Aversion and allowed to sit at 



0 

P. 

I 
I 



20 



I- 
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room temperature for ,5 mi nute S thenfeun ,oL at 3250 rpm in a 
Beckman GS-6KR centre wrlh the ^ 3 roto land Microp.ate + carriers 
Reasons were inverted then spun at f 80 rprkr V to remove iipuid from 

WaT T R SeqU6nCe ana 'f W 4 rf — d « - -Lsity of 

Wash.nston B.ochemistry Department fcuencl Oratory witn an 

Biosystems 377 sequencer. ; L; j '. | "PP"ea 



Analysis: 



The inserts of all 8 clones were confirr^j to b^ 
strand sequence analysis (see sequencing™;' 
from the published sequences. Some conges 



PBGD by complete double 

;nt.) Each has some change(s) 

{!,*: j — ■ |j e unique and some are shared 

w, H other clones (see Rgure , , d | rence | found ^ 

d f ,u,t to d, S tin g ui S h between PCR 0 h I acnja( ' 

vanat.ons wthout additiona. Mmplin , |U V J when the same ^ 

^: n ;27T more than one s l ence r un,,ke,y - - 

errors. From the alignment of all 1 1 PBfen seouirpc o + * 

f?r sequences a set of common bases 

L ; • J 8 " the i i,d ^ ^ — -c,uence. Within 

^ " wi,d type amino acid seance, tie is oniy one difference at 
nucie-c ac.d ievei. At pesrtion 555 | of JJ ^ ^ 

wh* 1 a,on g with the publis hed eryth| 0 *ticjnd genomic PBGD . have . 

W^r™ " ^ C ° mm0 f ,e ' eS f hiCh ~" h ~ «*"> — • 
^' number ,., and the 

Pub., had erythropoietic PBGD. An ade|e to Janine chance at base 513 . 
(Leu 171) « a sl ,ent mutation which . S | L pre | nt in 9 out of ^ , , 
sequences compared. The second diffel' , S f cytosine to adenine 
suDstitution at base 995 (Thr iir> \ -ruJ 'L Ji 

threr, " If " 0t * Bitant Chan 9 e - With a 

h eo to asparagine non . conservatj | 1 (t gppears 

the deference ,s an error in the pubiish^ erythfpoietic PBGD seo.uence since 
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all 10 other sequences have an adenine at this^position. In addition to these 
natural variations, there are three additional site n mutations introduced during 
the cloning at positions 1017, 1018 and 1020£o create a Mun-I site for 
future manipulations. 

i 

Conclusion: 

For any recombinant therapeutic protein it is irirf >ortant that the wild type 
allele be used to reduce the potential for immurc agenicity. We feel confident 
through our survey of the literature and analyst! of PBGD sequence from 
different individuals that clone number|l .1 reprj sents the most prevalent 

"wild type" allele in the population with respect 

i 

Clone number 1 .1 contains the consensus wild 

\ 

differs from the published erythropoietic PBGD 



acid. Because this difference is found in all the{ 
erythropoietic PBGD sequence, it, rather than t 
sequence, is deamed to be the prevalent wild t 
PBGD encoded by clone number 1 -1 wvas chose 
recombinant human porphobilinogen deaminas 



to amino ecid sequence, 
ype amino acid sequence and 
equence by only one amino 
>ther PBGD clones besides the 
e published erythropoietic 

e sequence. For this reason 
i for production of 
eHrh-PBGD.) 



22 



24 



30/12 98 15:54 FAI 



Table of oligonucleoti de prim.*™- 

lco375-pbgds (32 mer) codingfregion 5 

5' CGT GGA ATT CAT GAG AGT GAT TOG CGT G 



lco376-pbgda (47 mer) 



©025 



pnd w/ EcoRI site sense 
G TA 3' 



5' GGA GAA GCT TAT TAA TGG GCA TCJG TTC a|t 
Ico378-csnonc 



coding: region 3fyd w/ Hindlll site antisense 

TGC CGT GCA ACA TCC AG 3' 



■r 

! 



(20 mer) constitutive forJ non-coding 
5' TCC AAG CGG AGC CAT GTC TG 3' j 

lco379-«snonc (20 merl -rw+*,,J - J- II 

mer) erythropoietic fcfn non-cadi- 
s' " TCG CCT CCC TCT AGT CTC TG 3' 



nse 



it/sense 



Ico380-sinter (21 mer , internaf coding. 

5' CAG CAG GAG TTC AGT GCC ATC S' 

S 

lco38l-ainter (21 mer) internal coding \ 

5' GAT GGC ACT GAA CTC CTG CTG si : 

Ico382-anonc (20 mer) 000-00^9 seni 

5' CAG CAA CCC AGG CAT CTG TG 3' 



Ico383-pSKT7 < 22 merJ ^ J? 

5' GTA ATA CGA CTC ACT ATA GGG C 



sense 



mg sense 



3' 



Ico38^ pSKpjrev (22 mer) pBiuescript reve^el 
5' CTA AAG GGA ACA AAA GCT GGA <| 3' 

I 

IC0385- pSKrev ' (2 1 mer) pB ,ue S cri P t «v*ie2 
5' CAG CTA TGA. GCA TGA TTA CGC 3 ! j 



23?. 

• * 
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Equipment list: i 



i 



Item 


] Manufa 

f ! 


cturer 


Serial Number 


Pipetman P-IOOO 


Gilspn | 

i ; 




N55287E 


Pipetman P-200 


Gilsbn i 
t i 




N52324E 


Pipetman P-20 


Gilsbn j 




N53465M 


Pipetman P-10 


Gilsbn 




P626586 


541 5C centrifuge 


Epoendorf * 
3 ' 




5415B68381 


GS-6KR centrifuge 


Beckman i 
i 




NGD97J18 


Avanti J-25 I centrifuge 


Beckman 




JJY97J14 


DU 640B Spectrophotometer 


Beckman 

: 3 : 




4323015 


Genie II vortex 


VWR ! 
! i 




2-241 1 86 


GeneArnD PCR svstem 2400 


PerKin Elmer (1 
Applied Biosy: 


PE) / 

items (AB1) 


803N6021903 


GeneAmp PCR system 2400 


PE /jjABl j 




803S710O1O4 


GeneAmp PCR system 9700 


PE/fABI : 
1 I 




805S7121566 


1 545 incubator 


VWR 1 

V 




0902597 


heat block 1 


VWR ! 
•1 1 




0795 


heat block 1 


VWR 




0511 


Gene Pulser II Apparatus 


Bio'Rad i 

• i 1 




340BR2745 


Pulse Controller Plus 


BioRad i 




339BR1377 


Power Pac 1 000 


Biofjad '. 




286BR0O77O 


Sub Cell 


BioRad 

. 1 1 




16S/8860 


Wide-Mini Sub Cell 


BioRad 1 

! i 




02S/7951 


Foto/Prep transilluminator 


Fotojdyne j 




PTG1-0997-2831 


Elutrap Electro-separator 


"ScTjrtjeicher j i 


5chuell 


Order No. 578B0 


Inn ova 4000 incubator 


Newj B^ns^ic 


k Scientific 


8901 65366 


Power Mac G3 computer 


Majcjntosh | 




XA8061 A3BBW 


Trinitron Multiscan 200GS monitor 


Soi^r 




8057052 


DNA analysis Software: Geneworks 


Intel Itgenetics 




Version 2.5.1 



i 



I 

! 
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Supplies I 



i 

i i 



Item 



Human Spleen Poly A + 
RNA 

Human Bone Marrow Poly 
A+ RNA 



Supplier 



Clontech 



Cat No. 



Clontech 



6542-1 



Lot No. 



n 20266 



6573-1 



Human Brain Poly A + RNA 



Human Adipose Total RNA 



Clontech 



56714 




Superscript || reverse 
transcriptase 



1 00 mM dNTP set" 



^Biuescriptll SK- phagemid 

Aavantage cDNA 

polymerase mix 



6516-1 




GeneAmp dNTP 



Xba-I ehdonucJease 



PE/ABI 



Pvu-JI endonuclease 



New EngJa 



8417-1 



j Ij4-808-O007 



EeoR-l endonuclease 
Hind-IH endonuclease 



Tris six-Pack 



8060354 



nui 72. .4,H0553 — 




Clontech J 



unromaspin 400 DepC Clontech 



dH20 

"auiaquick gel extraction kit" 



i 



Qiagen 



,^1323-1 



;K1 333-1 



7090795 



28704 



/040086- 



Byy/01 7/0397/11 
9 
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Microcon-30 



Microcon-100 



Micropure 0.22^/m 



Seakem GTG agarose 



100 bp DNA Ladder 



1 23 bp DNA Ladder 



T4 DNA Ligase 



Ampicillln 



LB media 



Bacto Agar 



DH10B electromax 



SOC media 



Taq polymerase 



Taq Start antibody 



Qiafilter Midi DNA isolation 
kit 



Isopropanol 



Big Dye terminator cycle 
sequencing kit 



Amicon 



Amicon 



Amicon 



FMC 



NEB 



Gibco/BRL 



NEB 



Sigma 



Gibco/BRL 



Difco 



Gibco/BRL 



Gibco/BRL 



Fisher 



Clontech 



Qiagen 



Sigma 



PE/ABI 



I; 



1028 



1 



42410 



42413 



42544 



50074 



! 323-1 



5613-029 



202S 



^-9518 



I 2795-084 



140-07-4 



8290-01 5 



1 



5544-042 



FB-6000-1 5 



5400-1 



£•95 16 



4303152 



26 



2243 



L8JM4330B 



L8DM3296A 



CCB017 



709397 



JK9706 



64 



76H0434 



12E1072B 



1067 28 J A 



KHN430 



1010351 



H0436 



6070479 



PO No. 514 



47H3724 



9803008 



28 



30/12 -98 15:55 FAX 



1028 



!27 




Figure' 2: \ 

j .; 

Summary jof the number of different iS - 

^ ' ' r ° T a,T ^rences in amino acid sequence of our 

..... J2$x~ ln "* "° u " - - — 

15 endonUJ , f the f lone ^ to ^ate an Internal Mun-I 

io endon.uclease cleavage site Ntfte rt&+ .* 

. S,te - N |^th« clone number 1.T which will be used for 



I ! 



. I 

I f * 

p ATErn^ESKRjVELSE/20526DK2/AML/KHO/30- 1 



1 1 
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production of recombinant human porphobilinogen deaminase trh-PBGD) has 

! ! { -3 |f 

only one of each type of difference .jw it h the least number of total differences. 
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ub A ^ " P T V,8XiS ° f disease caused "V deficiency, in . 

b^ect. ojan en:yme beIongi n 9 j, the neme biosynthetic pathway> ^ meTh 

said enzyme or an .ruymrfcHy iquivalent part or ana.ogue thereof. 



2. A method according to claim 1 
consisting pf 
10 acute intermittent porphyria (AIP) 
ALA deficiency porphyria (ADP}> 
Porphyria cutanea tarda (PCT) t 

Hereditary jcoproporphyria (HCP), 
Harderopotj'phyria (HDP), 
1 5 Variegata porphyria {VP), 

Congenita J J erythropoetic porphyri 
Erythropoietic protoporphyria (EPlf), and 
Hepatoery^hropoietic porphyria (l-fep). 



wherein the. disease is selected from the group 



(CEP), 



20 3. A methcjd according to claim 1 
from the grjoup consisting of 
porphobilinogen deaminase (PBGC ) 
ALA dehycfratase, 

Uroporphyrlnogendecarboxylase, 
25 Coproporphyrinogen oxidase, 
^P^P^fPlfyrinogen oxidise, 



or 2, wherein the catalyst is an enzyme selected 



Protoporphyrinogen oxidase, 
Uroporphyrinogen III synthase, 
Ferrochelatase, and 
30 Uroporphyrinogen decarboxylase; 



pr an enzymatically equivalent pate or analogue thereof. 



4. A method according to any of L preceding claims, wherein the disease is AIP and 
the en, yme . P BGD or an en 2 y m L calIy equivLfent part „ anaIogue ^ 



PATEr,rrBESKI|VELSE/205260K2/AML/KHO/Jo:i 
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5. A method according to any of the preceding claims, wherein the catalyst is a 
recombinant form of the enzyme belonging to the heme biosynthetic pathway or of 
the ehzymatically equivalent part or analogue thereof. 



■6. A method according to any of the preceding claims, wherein the catalyst is 
administered by a route selected "from the group consisting of the intravenous route, 
the intraarterial route, the intracutaneous route, the subcutaneous route, the oral 
route, the buccal route, the intramuscular route, the anal route, the transdermic route, 
1 0 the intradermal route, and the intratechal route. 



15 



7. A method according to any of claims 1-6, wherein the catalyst is formulated in an 
isotonic solution, such as 0.9% NaCl and 10-50 mM Sodium phosphate pH 7.0 +/- 
0.5 or Sodium phosphate, glycine, mannitol or the corresponding potassium salts. 

! 

8. A method according to any of claims 1-7, wherein the catalyst is lyophilised. 

: I 

9. A method according to any of claims 1-8, wherein the catalyst is sterile filtered. 



20 10. A method according to any of claims 1-6, 8 or 9, wherein the catalyst is 
formulated j as lipid vesicles comprising phosphatidylcholine or 
phospbatidylethanolamine or combinations thereof 

i 

1 1 . A method according to any of claims 1-6, 8 or 9, wherein the catalyst is 
25 incorporated into erythrocyte ghosts. 

12. A Method according to any of claims 1-6, 8 or 9, wherein the catalyst ts_ 



30 



formulated 



as a sustained release formulation involving biodegradable microspheres, 



such as microspheres comprising polylactic acid, polyglycolic acid or mixtures of these. 

J ; 
| '• 

|l3. A method according to any of claims 1-9, wherein the catalyst is lyophilized in a 
two-compJrtment cartridge, where the catalyst will be in the front compartment and 
water for reconstitution in the rear compartment. 
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£4. A method accord.ng to claim 13. wherein he two compartment cart , dge „ 
combmed with an injection device to administer the catalyst either b a l 1 K 
needle-iessl (high pressure) device. «'VSt e,ther by a needie or by a 



5 15. A meth'od according to any o, claims L9. {^herein the cataiyst is f ormulated in a 
pnys.o.og,^, buffer containing an enhancer fof nasa, administraL, 



Z£!7T aCCOrd ' n9 10 ^ ° f ^ ^"i 9 C,aimS ' Whe -" *• -»,yst is 
1 5 formated , so as to enhance the ha.f-.ife thereLf in the eject's bloodstream 

l^i" aO0 ° rdin9 10 da ' m 1 ? ' W ^ r8ln f 6 CaM,VSt ^ 3 P — V-ene g.yco, 



19. A meth'od according to claim 1 7, wherein L> r***r ^ * 

20 metal. j ? ° ataIySt ,s com P'««d with a heavy 

| t 

20. A method according to any of the preceding Calms, wherein the cata.vst is . 

en2ym H ,V e " Mm ^ °' of 4 enzyme and e^ ^L " < 

ctivity intra C e„ ulsrIy upon a , m J ^ ^ J™ -« «« - - 



22. A meth'od according to any of claims 1-9 

30 formulated in such a manner that it exeits at 'leastoart ""^ " "* ™ 
in+Ta „ all , , exeris at least part of its enzymatic activity 

mtracejlularly upon administration to the 1 subject. 



wherein the catalyst is said enzyme 



method 



23. Ari 
carbohydrate 



ITTl 10 c,aim 22 ' + e?n r cata,vst is 

or other „ver cell specif id structures for specific ,iver uptake. 
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24. A method according to claims 1-19; where 

r 

its enzymatic activity extracellularly in the bloodstre 



5 25. A method according to claim 24, wherein the enzymatic activity of the catalyst on 

* • 

its relevant heme precursor results in a metabolic product which 1) either moves into 

further via the remaining steps of the 
i the subject via urine and/or faeces. 



I 

the intracellular compartment and is converted 



heme biosynthetic pathway or 2) is excreted fcom 



10 26. A method according to any of the preceding claims, wherein the catalyst has been 
prepared by a method comprising 



a) introducing, into a suitable vector, a nucleic 
acid sequence encoding the catalyst; 
15 b) transforming a compatible host cell with the 

c) culturing the transformed host cell under conditions facilitating expression of the 
nucleic acid sequence; and 

d) recovering the expression product from the | 
and optionally subjecting the expression product to post-translational processing, such 



12)036 



tn the catalyst exerts substantially all 
am. 



acid fragment which includes a nucleic 



vector; 



culture 



20 as in vitro protein refolding, enzymatic remova 

i 



acid residues, and deglycosylation, so as to obtain the catalyst. 



27. A method according to any of claims 1 -25 
prepared by liquid-phase or solid-phase peptide 



28. A methiod according to any of the preceding claims, wherein the catalyst is free 



from any other biological material of human oribin. 



29. A hnethod according to any of the precedir 

1 t i 
30 administered at least once a day, such as 2, 3 

! 



30. A method according to any of the precediri 

the range of 0.01 - 1.0 mg/kg body weight pe 

j i • 

0.5 mg/kg body weight per day. 



I 
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of fusion partners, alleviation of amino 



wherein the catalyst has been 
synthesis. 



g claims, wherein the catalyst is 
4, and 5 times daily. 

g claims wherein the daily dosage is in 
day, such as in the range of 0-05 - 
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31. A 



'about oT° d aCC ° rdin9 W ° f Pr H 9 Cl3 '* mS ' *• «V *>sage is 

about 0. 1 mg per kg body weight per day. 



J 5 |32. A catalyst which is an enzyme of the he, 



enzymatically equivalent part or analogue therL, for 



; P. of !. catalyst which is an enzyme of the heme biosynthetic pathway or an 

e zymatically ea.uiva.ent part or analog theriof for the preparation of a 
10 pharmaceut.cal composition for the treatment 
. {deficiency of said enzyme. 



;e biosymhetic pathway or an 



use as a medicament. 



■ 34. The use according to claim 33, wherein 

jaccording to any of claims 1-31. 
15 j 

j 35. A method according to any of claims V31 
j form of the/ enzyme according to any of sec. 



or prophylaxis of diseases caused by 
the treatment or prophylaxis is performed 



no 



wherein the catalyst is a recombinant 
1 to 3 or an analogue thereof. 



■beskrLeus 
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SEQUENCE LISTING 



<lli}> Gellerfors, Far 
Fogh, Jens 



I 

i 

<12pi 

i 
i 



<13 3> > Sequence Listing 



New therapeutic method for treating 
Intermittent Porphyria (AIP) and 

diseases 

! 



;>atients with Acute 
oth.gr porphyrie 



<14p> 

<i4a> 
<isb> 



PA, 1998 01X2 
<1S1> 1998-01-27 



J 



i 
I 

<l6p> 3 1 



<17,Q> Patentln Ver. 2.0 



<210> 
<211> 
<212> 
<213> 



13 bo ; 
dna j 

Unknown 



■ <40D> 1 : 
agcaggtcct 
aaggaaga'aa 
get :gcatac 
ttt jaaatca 
attggagaga 
^gacctggttg 
ggagecatet 
gggaagaccc 
gcagcccagc 
aacacccggc 
gctggcctgc 
tgcktgteMtg 
atcttggatc 
agggccttcc 



atgkaggatg 
atacaagaga 
gatgacccac 
gccpaga&ct 
ctggatgttg 
gggrptget^c 
ggggagtgat 



iii 



actatcgcct 
acagcecaaa 
agaeggacag 
ttgctatgtc 
aaagcctgtt 
ttcactcctt 
gtaagcggga 
tagaaaccct 
tgcagagaaa 
tieggaaget 
agcgcatggg 
ctgtgggcca 
tggtgggtgt 
tgaggcacct 
ggcaactgta 
ccatgcaggc 
agttggtagg 
tgggcatcag 
cacggcagct 
tgtccagtgc 
taccccggga 



ccctctagtc 
gatgagagtg 
tgtggtggca 
caccacaggg 
taccaaggag 
gaaggacctg 
aaaccctcat 
gecagagaag 
gttcccgcat 
ggacgagoag 
ctggcacaac 

gggggccr.tg 

gctgeacgat 
ggnnggnggc 
cctgactgga 
taccatccat 
catcactgct 
cctggccaac 
taacgatgee 
ctacatcccg 
gactgaactg 



©038 



tetgettet : 
attcgcgtgg. 
acattgaaatt 
gacaagattc; 
cttgaacat 
cccactgtgfe 
gatgctgttg! 
agtgtggtgg; 
ctggagttca 
caggagttc|L; 
cgggjttgggc; 
ggcgtggaatf 
cccgagactcj 
tgcagtgcgfc 
ggagfctggaj 
gtccctgcce 
cgta^Lcattcl 
ttgttgctgaj 
cattaactggj 
ggcctcagtgj 
cagggttca. 

i\ 



tggatccctg 
gtacccgcaa 
cctcgtaccc 
ttgatactgc 
ccctggagaa 
ttcctcctgg 
tctttcaccc 
gaaccagctc 
ggagtattcg 
gtgecatcat 
agatcctgea 
tgcgagccaa 
tgcttcgctg 
eagtagcegt 
gtctagaegg 
agcatgaaga 
cacgagggcc 
gcaaaggagc 
tttgtggggc 
ccccattctc 
gecttccagg 



aggagggcag 
gagecagett 
tggcctgcag 
actctctaag 
gaatgaagtg 
cttcaccatc 
aaaatttgtt 
ectgegaaga 
gggaaacctc 
cctggcaaca 
ccctgaggaa 
ggaccaggac 
categctgaa 
gcatacagct 
ctcagatagc 
tggecctgag 
ccagttggct 
caaaaacatc 
acagatgect 
actgetatet 
gatttgeetc 



60 

120 

160 

240 

300 

360 

420 

480 

540 

600 

660 

720 

760 

040 

900 

960 

1020 

10 80 

1140 

1200 

1260 
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accttggggc cttgatgact gccttgcctc ctcairrJ-^ ~. 

*jo~. fcagcctt tgaatgtaac c : « c= _ 

<2ip> 2 ! .'; 
<2iai> 3988 ;' 

<2X2> pNA j 
<2lp> Unknown 

i' ! 
<40j0> 2 ' I 

t"at2S fas 9 ^ c 9 t c ::::: rr* 93 ? t — t - tt « «• 
t 4c acgtt c^f, c 9 ::^ 23 r ettcttc ccttcct "= 

gatftagt^ t .i cacggcac ctC3accc J ^ggctccct tta gggttcc 180 

Saccate gicctgatag acggtttttc «^ ^ tta ^*" S^tcacgta 240 
a^tggacc citgttccj actg^caa caL' ^ Btt «« t « acgttcttta 300 
atttataagg gi tttt9eeB attSggl" "X*^ tatCtC ^<= "ttcttttg 3 6 o 
aacttaacgc gWtttaac aaaacatcaa S. f aaat3a 9 ct 9 atttaacaaa 420 
S^aactgc ^ gat ^ c aa "~ at ^ «««t 4B0 

"^Spggatgc g^cgcaaggc gattaLtt* ? cta "acgcc agctggcgaa 540 

"g^aaaacg £ tt ££ c^cIS S^"" 0 600 

9 ccpcc ? 6cc gaggtcgacg gtatcgataa 9 «3«£f -fT!**" t939t » CC ^ «« 
gcaacatcca g^tgttttt ggcecctttg ct«L S99catc ^=«= caattgccgt 720 
^tctggg c*gccaaccg ^ccctcat «!T F a5ttTOOOa 9 9«3«gccc 7 fi0 

Sftcf ctxgta t^ctatctga geegtetaL ^? "^"^ agcctgcatg 900 

ccakccrrca 4 9ctgc J g Lcggct^ ^T^f CC ° Ca3tca * S^acagttgc 960 
aggfaggccc t tcagcgat g=^ a " S3 caggtgcctc 1020 

agatccaafca t^cctggtc Lgg^cgc 3^ cacacccaec 1 08 0 

9 cat ? c n g C af t cc t = asg gtgcfgga^ f!"T CCC ccggcccaca n«o 



a 9 = ^gt ^ S3tztc ; —™ met. cag« tC cga 12,0 

ajrcfgggctg cicttcgoag ggagctc-t: " "f 9at9C " 9aa ""etctge 1320 

-flfceepx, cfacaaattt tgggtgff" tCttWC *» «W»ttect i 3B0 

ggctc C gatgg t g aa gec^f ag«3 ttcccgotcg 1440 

acakocaggt ciac ttC a tt cttc^g 3 TOcc tt caaggagtga 1500 
ttcfotceaa cf«agagag tgcagtaJ! fS t 3 ^""^ — « «ctt 15 60 
atgLfttc^a.aftgcaggcc agggLgag S -cc t g t gg t ggacatagca 1 S20 
tsrtatgcgag caagctggct ctt TC ea«2 9ctt f c,l " t f "gccaccac actgtccgtc 1680 
age ^ --gW tc«ct« gaat tc =cg= i 710 

tccctcragc giggg ttaat ttcga J tt 9 | g "^f| ^^ CtC = a 9Ct t t t gt 1800 
tgaaa^gtt ai ocgctca c aactccacac ^ cat ^« gtttectgtg I860 

9-pgg^eg ckaatgagt gagctaactc S OC f^ cae a aagtgtaaa i 920 
'"fWHW Rotate gtgecaget^ UllT, ^ C9 " SC3ctc a"3«cg CC 19eo 
4 a t t999 cg TtLUZl HZtl^l "^ CCaa ^ ^ 339 gaga 2040 
9t tcggc^ c g^cgageggt accagctcac cS "^ ct ^« Scgct oggtc 2100 
tcaggg^ta aigcagg aaa gaaca t g t g a 33 ' aa » c ^» atccacagaa 2i 6 o 
aaakagg^dg cgttgctggc gtttttLaT 9 " 95C f a 3 c aaaaggc caggaaccgt 2220 
aatUcg^t cfag tC ag!g JSSe ccl""^ C ««*~* a 9^-acaaa 228 0 
. , | 3tggog a «.ac ccgacaggac t.caaagaca ccaggcg ttt 2340 

1 ! 
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ccetctggaa gctccctcgt gcgctctcct gttccgaccc tgccgcttac cggatacctg 2400 
tccgcctttc teecttcggg aagcgtggcg ctttctcata gctcacgctg taggtatctc 2460 
agttcggtgt aggtcgttcg ctccaagctg ggctgtgcgc acgaaccccc cgttcagccc 2 520 
gaccgctgcg ccttatccgg taactatcgt cttgagtcca acccggtaag acacgactta 2580 
tegccactgg cagcagccac tggtaacagg attagcagag cgaggtatgt aggcggtgct 2640 
acagagtccc tgaagtggtg gcctaactac ggctacacta gaaggacag* atttggtatc 2700 
tgcgctctgc tgaagccagt tacctccgga aaaagagttg gtagctcttg atccggcaaa 2760 
caa ( accaccg etggtagcgg tggttttztt gtttgcaagc agcagattac gcgcagaaaa 2 620 
aaaggatctc aagaagatcc tttgatcttt tctacggggt ctgacgctca gtggaacgaa 2680 
aacpcacgtt aagggatttt ggt cat gaga tcatcaaaaa ggatcttcac ctagatcctt 2940 
tcaaattaaa aatgaagttt taaatcaatc taaagtatat atgagtaaac ttggtctgac 3 000 
agtitaccaat gctcaatcag tgaggcacct atctcagcga. tctgtctatt tcgttcatcc 3 060 
atagttgcct gactccccgt cgtgtagata actacgatac gggagggctt accatctggc 3120 
cccagtgctg caatgatacc gcgagaccca cgctcaccgg ctccagattt atcagcaata 3180 
aaczagccag ccggaagggc cgagcgcaga agtggtcctg caactttatc cgcctccatc 3240 
cagtctatta attgttgccg ggaagctaga gtaagtagtt cgccagttaa tagtttgcgc 3300 
aacgttgrtg ccattgctac aggcatcgtg gtgtcacgct cgtcgtttgg tatggcttca 3360 
cccagctccg gttcccaacg atcaaggcga gttacatgat cccccatgtt gtgcaaaaaa 3420 
gcggctagct ccttcggtcc tccgatcgtt gtcagaagta agxtggccgc agtgttatca 3480 
ctcafcggtta tggcagcact gcataatzct ctcactgtca tgccatccgt aagatgcttt 3540 

i * 

tctgtgactg gtgagtactc aaccaagcca ttctgagaat agtgtatgcg gcgaccgagt 3 600 

tgcpcttg'cc cggcgtcaat acgggataat accgcgccac atagcagaac tttaaaagtg 3 660 

ctcatcattg gaaaacgtcc ttcggggcga aaactctcaa ggatcttacc gctgttgaga 3 720 

tccjagttcga cgcaacccac tcgtgcaccc aactgatctt cagcatcttt tactttcacc 3780 

agcgtttctg ggtgagcaaa aacaggaagg caaaatgceg caaaaaaggg aataagggcg 3 840 

acalcggaaat gLtgaatact catactcttc ctttttcaat attattgaag catttatcag 3 900 

ggtjtattgtc tcatgagcgg atacatattt gaatgtattt agaaaaataa acaaataggg 3 960 

gttj=cgcgca catttccccg aaaagtgc 39 88 

<2i|o> 3, : 

Je2ljL> 1260 
<212> DNA 
<21p> Unknown 

<40D> 3 ' . | 

cac'aggaaac agctatgacc atgattacgc caagctcgaa attaaccctc actaaaggga 60 

acakaagctg gagctccacc gcggtggcgg ccgctctaga actagtggat cccccgggct 120 

gcaggaattc-atgagagrnga— ttcgcgtggg~tacccgcaag agccagcttg ctcgcataca 180 

gacggacagr gtggcggcaa cattgaaagc ctcgtaccct ggcccgcagt ttgaaatcat 240 

tgcjtatgt-cc accacagggg acaagaccct tgatactgca ctctctaaga ttggagagaa 300 

aagcctgttt accaaggagc ttgaacatgc cccggagaag aatgaagtgg acctggttgt 3 60 

tca=tccttg aaggacctgc ccactgtgct tcctcctggc txcaccatcg gagccatctg 420 

eaajcgggaa aaccctcatg atgctgtugt ctttcaccca aaatttgttg ggaagaccct 480 

agaaaccctg ccagagaaga gtgtggtggg aaccagctcc ctgcgaagag cageccagct 540 

gcagagaaag ttcccgcatc tggagttcag gagtattcgg ggaaacctca acacccggct 600 

tcgjjaagctg gacgagcagc aggagttcag tgccatcatc ctggcaacag ctggcctgca 660 

gcgjcatgggc tggcacaacc qggttgqqca gateetgeac cctgaggaat gcatgtatgc 720 

tg-tgggccag ggggccttgg gcgtggaagt gcgagccaag gaccaggaca tcttggatct 7 80 

i ; . ;. 

3 i 



i : hi ; !. 
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sgtgggtgtg 

gaggcacetg 

gcaactgtae 

Catgcaggct 

&ttgg£ a ggc 

Srergcancagc 

acggcaattig 

ccggtaccca" 



ctgcacgatc 

gaaggaggct 

ctgactggag 

accatccatg 

atcactgctc 

ctggccaact 

aacgatgccc 

attcgcccta 



ccgagaetct 

gcagcgxgcc 

gagtctggag 

tccctgccca 

gtaacattcc 

tgttgctgag 

attaacaagc 

tagtgagtcg 



gcttcgctgc 

a 9tagccgtg 

cccagacggc 

gcatgaagat 

acgagggccc 

caaaggagcc 

ttatcgatac 

tatcacaatt 



atogctgaaa 

catacagcta 

tcagatagca 

ggccctgagg 

cagttggctg 

aaaaacatcc 

cgtcgaectc 

cactggccgt 



gggccttcct 

cgaaggatgg 
tacaagagac 
atgacccaca 
cccagaactt 
tggatgttgc 
gaggggggg C 

cgttttacaa 



84 0 . 

900 

960 

1020 

1080 

1140 

1200 

1260 



t : 



* ' 1 ; 



III 
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